Regulation of oxidative phosphorylation in intact mammalian heart in vivo.
A dynamic computer model of oxidative phosphorylation in intact heart was developed by modifying the model of oxidative phosphorylation in intact skeletal muscle published previously. Next, this model was used for theoretical studies on the regulation of oxidative phosphorylation in intact heart in vivo during transition between different work intensities. It is shown that neither a direct activation of ATP usage alone nor a direct activation of both ATP usage and substrate dehydrogenation, including the calcium-activated tricarboxylate acid cycle dehydrogenases, can account for the constancy of [ADP], [PCr], [P(i)] and [NADH] during a significant increase in oxygen consumption and ATP turnover encountered in intact heart in vivo. Only a direct activation of all oxidative phosphorylation complexes in parallel with a stimulation of ATP usage and substrate dehydrogenation enabled to reproduce the experimental data concerning the constancy of metabolite concentrations. The molecular background of the differences between heart and skeletal muscle in the kinetic behaviour of the oxidative phosphorylation system is also discussed.